INTRODUCTION
The diamond thin films have received much attention as promising material due to their unique combination of desirable electrical, optical, and mechanical properties [1, 2] and many potential applications. Unfortunately, diamond films require high temperature (~800 o C) for their growth thereby limiting the choice of the substrate. The amorphous carbon (a-C) and amorphous carbon hydrogenated (a-C:H) films called diamond-like carbon (DLC) retain most of the properties of diamond and can overcome the above mentioned limitations to a large extent.
Recently, there has been a lot of interest in developing DLC for sensors at higher temperatures and in harsh environment, where Si cannot be used. There is a significant interest in DLC because of their unique properties [3, 4] . DLC films are beginning to find their way into many industrial wear applications. Because of its high hardness, chemical inertness, optical transparency, and its wide band gap semiconductor, it has been use as protective coating in area such as for optical windows, antireflection coating for Si solar cell and protective coatings on copper mirror for automobile industry [5, 6, 7] .
In this paper the influence of the substrate temperature on some of the optical properties of DLC films deposited using DC-PECVD technique was presented. These films were deposited with different substrate temperatures between 25°C to 200°C keeping the other deposited parameters fixed at certain values.
EXPERIMENTAL
Diamond-like carbon films were deposited using the direct current plasma enhanced chemical vapour deposition (DC-PECVD) in 99.5% of methane gas. During all deposition, the distance between anode to substrate holder was kept at 4 cm while the gas pressure and flow were 1x10 -1 Torr and 9 sccm respectively. The heater used in DC-PECVD system was homemade in order to obtain high substrate temperature up to 600 o C, using a Kantall wire as the heating element. The substrate temperature was measured by thermocouple. Corning glass substrates were placed on a 6.8 cm diameter stainless-steel cathode fed by a DC (1.2 kV) power supply. All substrate were cleaned in chromic acid and deionised water.
The transmittance of the DLC thin films was performed using UV-Vis spectrophotometer model Lambda 25. The transmission scanning was obtained over a wavelength region of 300-1100 nm. The photoluminescence spectrometer used for the present study is model Luminescence LS55 (Perkin Elmer), DLC samples were excited with different wavelengths (240 to 800 nm) with step of 20 nm to get the emission spectrum for different excitation energies. The excitation was done at fixed excitation slit, 4.0 nm and emission slit 3.5 nm. where D is the absorption coefficient, h is Planck constant, v is frequency, B is a constant and E opt is optical gap [8] . The optical band, (E opt ) of the taC:H thin films can be obtained by projecting the vertical linear until it crosses the x-axis in graphs of (Dhv) 2/3 and (Dhv) 1/2 versus photon energy which are for forbidden direct transition and allowable indirect transition, respectively. The graph of forbidden direct transition and allowable indirect are shown in Figure 2 and 3, respectively. The optical transition (forbidden direct transition and allowable indirect) presence in ta-C:H thin films are listed in Table 1 . The optical band gap for each sample is selected according to its type of optical transition and also listed in Table 1 .
The optical gap of the taC:H decreases with increasing substrate temperature as shown in Figure 4 . This result is consistent with the result obtained by [9] . The optical gap varied in a range of 0.40 to 1.30 eV. Theoretical models for taC:H with a high sp 3 content to explain the optical gap is by predict that the nature of sp 2 -bonded atoms on the ta-C:H films. The band gap is determined by the configuration of S states on the sp 2 site because their S state lies closest to the Fermi level. As at 423 and 473K substrate temperature, the optical band gap tends to decrease because of the increasing S state. At higher substrate temperature where the sp 3 ratio starts to increase slightly before the main | 3 | part of H evolution, the optical gap is greatly decreased. Once hydrogen is mobile, the C-C network starts to rearrange and causes the optical gap to close up. A low substrate temperature (423-473K) of the not really ta-C:H thin films that give high E opt value can be explained by the size of the sp 2 cluster. According to [10] , the E opt is large in small cluster size and small in larger cluster size. When sp 2 fraction increases (I D /I G is decrease), the cluster size decrease results in larger band gap which are in agreement to Robertson model [10] . At 523K ta-C:H thin films, the process need to stabilise sp 3 bonding and introduce larger disorder energy. This disorder energy is comparable to the stabilisation energy and forming larger cluster results in smaller band gap. At 573K, the degree of cross-linking of the C-C network is increased leading to the larger cluster and decreased the optical gap further.
Urbach Energy (E o )
The Urbach energy can be deduced from a plot of ln D versus photon energy, hv as shown in Figure 5 . The deviation of the straight line at low energies is due to the Urbach behaviour. The straight line slope in this region is proportional to 1/E o and the calculated E o of the samples prepared at different substrate temperatures are shown in As mentioned above the Urbach energy, E o described the localized band tail states. Thus the decrease in E o from 0.533 to 0.444 eV as the substrate temperature increases from 423 to 473 K describes the decrease of band tails. As the temperature increases to 523K, the E o is increased to 0.520 eV because of the films are more disordered as the H in the film are starting to decrease and shown in IR studies. These hydrogen terminations in clusters can cause disorder to arise from bond length and bond angle distortions [11] . Urbach energy, E o decreases with decreasing hydrogen content. The decrease in E o may be due to more ordered structure with lower hydrogen concentration. Thus, at higher substrate temperature (573K) the E o value is the lowest since hydrogen content in ta-C:H thin film is much lower and indicates that the film is becoming more ordered. 
Photoluminescence
One of the important characteristics of DLC thin films is it ability to exhibit strong room temperature photoluminescence (PL). The photoluminescence signal is an experimental technique that uses the photo excitation and de-excitation of carrier to determine the optical and structural properties of the materials. The de-excitation is determined by the recombination mechanism of the carrier. The recombination process in DLC films is influenced by the disorder which can bring allowable tail states within the gap, and by the defects states at the mid-gap. These defects in DLC are mostly due to the daggling bonds, which is originate from the clusters with odd numbered rings and form states closer to the Fermi level.
The PL analysis is carried out for the samples which are deposited at different substrate temperatures while other deposition parameter are fixed and its PL signals are shown in Figure 6 . The PL bands with similar shape can be observed by using excitation energy of 3.5 eV and its peak position practically remains the same down to 1.738 eV. The band becomes broader when substrate temperature is increased. For example, the 473K is broader than 523K substrate temperature.
The emission band is centered at 1.738 eV. In this study, it does not observe a shift of the 1.738 eV PL energy peak band but there was an increase in the intensity. This is attributed to a ta-C:H thin films associated recombination centre. The 1.738 eV PL energy peak observed is consistent to that observed by Rusli et al., [11] . The samples are deposited at difference substrate temperatures while other deposition parameters are fixed, so that no shift in the PL peak energy is observed. This is in agreement with [12] , [13] and [14] . The PL peak energy observed is above the optical gap for all samples (0.40-1.30 eV) but there is no clear relationship between the PL peak energy and the optical gap [15, 16] .
The highest luminescence PL peak intensity is observed at 423K and the lowest is at 573K substrate temperature. It is observed that PL peak intensity decreases with increasing substrate temperature but the PL peak intensity for 523K substrate temperature is slightly higher than 473K peak intensity. The decrease of PL peak intensity with increasing substrate temperature is due to the increasing of non-radiative process and decrease in disorder of the sample. As the C-H bonding is beginning to break at 523K, the sample becomes more disorder and results in an increase in luminescence intensity and this explains the slightly higher in peak intensity for 523K substrate temperature compared to 423K. The hydrogen in DLC thin films promotes sp 3 fraction and also terminates the dangling bonds which normally produce non-radiative recombination. As ta-C:H contains low hydrogen, the degree of termination of dangling bond decrease results in an increase in nonradiative recombination process. The decrease in disorder of samples plus the increase of non radiative recombination process, result in the lowest PL peak intensity for the 573K substrate temperature sample. This correlates well with Urbach energy obtained in section 3.3.
CONCLUSION
From the light transmission using UV-Vis spectroscopy it was found out that the optical transition changed from the allowed indirect transition to the forbidden direct transition as the substrate temperature increased. The photoluminescence study has shown that the recombination centre occurred at around 1.738 eV. The present work has also shown that the Urbach energy decreased with increasing of substrate temperature and this provides evidence that the DLC films have narrowed band tail. This decrease in Urbach energy was due to the more ordered structure with lower hydrogen concentration and larger cluster by the increase in the degree of cross-linking of the C-C network. Distorted cluster which contribute to the broadening of the band tail may also contribute to the PL peak width. As the substrate temperature increased, the cluster size in the ta-C:H increased, resulting in smaller band gap and the structure was more ordered as the decrease in Urbach energy, decreased the in PL peak energy. The refractive index of the films depended on the film thickness as it increased with decreasing film thickness resulting from increasing substrate temperature. It can be concluded that substrate temperature has an obvious effect on the structural and optical properties of DLC thin films. As substrate temperature reached 573K, the not really ta-C:H thin films was converted to really ta-C:H thin films.
